Background The purpose of this study was to assess potential differences in the predictive ability of self-assessed health for mortality between educational groups, and to find explanations for any of these educational differences.
Introduction
The existence of socioeconomic inequalities in health has been reported by numerous studies, many of them using selfreported outcomes of health. [1] [2] [3] [4] [5] [6] The assumption of those studies is that inequalities in self-reported health reflect inequalities in the unmeasured 'true' state of health between socioeconomic groups. However, it appears that there are important differences in people's perception of health between socioeconomic groups.
Simon 7 found higher educated people to report aspects of well-being (a.o. happiness, feeling in control, feeling good) more often as important aspects when assessing their health, as compared with lower educated. Two older qualitative studies found that men and women from higher social groups more often used multi-dimensional information when assessing their health, including elements of being fit, being active and the absence of illness, whereas those from lower classes tended to limit themselves more to physical and functional aspects. 8, 9 A recent study (2006) used anchoring vignettes to describe health states in terms of several health-related aspects, such as mobility, pain, self-care and others, to assess variations in the evaluation of different health states by socioeconomic position. 10 The results suggested that reporting heterogeneity tended to increase estimated inequalities in health by education level. This means that lower educated evaluate a given objective health status (as it is described by vignettes) on average as worse than higher educated do. Thus, to fully understand the meaning of estimates of socioeconomic inequalities in self-reported health, we need to further study the differences in perceptions and in reporting of health between socioeconomic groups. One aspect of self-reported health that has been emphasised often in epidemiological studies is its capacity to predict mortality. Idler and Beyamini's seminal review of studies that assessed the association of self-assessed health with mortality showed that subjects who rate their health as poor have a two to five times higher risk of dying between two to 13 years of follow-up. 11 . A recent meta-analysis again confirmed the association, showing that persons reporting 'poor' health had a 2-fold higher mortality risk compared with persons reporting 'excellent' health. 12 But studies that have assessed the capacity of self-assessed health to predict mortality have not taken possible differences between socioeconomic groups into account. It might be that this capacity differs between socioeconomic groups. Qualitative research not only hinted at possible differences between socioeconomic groups in the perception of health, it has demonstrated the 'multidimensionality' of people's view of health. [13] [14] [15] [16] [17] It is of importance to consider this multidimensionality when studying the capacity of self-assessed health to predict mortality, because not all dimensions of perceptions of health are also important for mortality. Stressors such as life events for instance, appear to be highly correlated with selfassessed health, 18 but they are less strongly related to mortality.
Similarly, chronic conditions that can cause significant morbidity, but do not have high mortality (e.g. arthritis and arthrosis) can be expected to influence people's perception of their own health. Consequently, a study incorporating information on people's perception of health, on mortality during follow-up and additionally on measures of different dimensions of health will allow for the extra opportunity to assess the contribution of those different dimensions of health to potential socioeconomic differences in the capacity of self-assessed health to predict mortality. Theoretically, people with different educational backgrounds may emphasise different dimensions of health when assessing their overall level of health. For instance, if lower educated were to rely more on stressors that they experience in daily life when assessing and reporting their overall health, it might reduce the association of their selfassessed health with subsequent mortality as compared with that of higher educated. This issue has been addressed in relation to sex differences, because the association of self-assessed health with mortality often appears less strong in women than in men. 17, 19, 20 Women appeared to rely more on a wider range of factors when forming a judgement about their overall health, including non-health related factors such as negative affect and non-life threatening diseases such as joint diseases, as compared with men. 21 As far as we know, only two quantitative studies have investigated the association of self-assessed health with mortality in different socioeconomic groups. 22, 23 Both studies used Swedish data. Burström and Fredlund 22 found that differences in the relative association of self-assessed health with mortality between five occupational groups were due to differences in the base level of mortality. Van Doorslaer and Gerdtham 23 did not find differences between educational and between income groups in the association. But it is important to investigate this issue in other cultural settings as well, as people's view on health is profoundly shaped by their cultural background. [24] [25] [26] The current study investigates whether there are differences in the capacity of self-assessed health to predict mortality by educational group in a population-based study in The Netherlands. We used data from a longitudinal cohort study that was initiated in the beginning of the 1990s to study the explanations of socioeconomic inequalities in health in The Netherlands; the GLOBE study. This study has yielded detailed information on a broad spectrum of health aspects that may influence people's perception and reporting of their own health. For instance, the study provides information on specific chronic conditions, both life threatening and non-life threatening, health-related behaviours and stressors. This information allowed us not only to compare the capacity of self-assessed health to predict mortality between educational groups, but also to investigate possible explanations for any differences.
In brief, the aim of this study is to: (i) assess educational differences in the capacity of self-assessed health to predict mortality, and (ii) to estimate the contribution of several dimensions of health to any of these educational differences.
Methods

Study population
Our data are from the longitudinal GLOBE study, a longitudinal population-based study that has been conducted in the south of The Netherlands since 1991. More information on the design and objectives of the study can be found in another publication. 27 At baseline, a cohort of non-institutionalized men and women aged 15-74 years with the Dutch nationality was approached in the city of Eindhoven, and surrounding municipalities, for participation in the study. The response to the baseline postal questionnaire was 70.1% (n ¼ 18 973). From this sample, we selected people aged 25 and older (n ¼ 16 722), from which we excluded subjects with missing information on self-assessed health (n ¼ 558), education (n ¼ 502), and on any one or more of the health aspects (n ¼ 2443). This left us with a total of 13 219 cases to be included in the analyses. Vital statistics information from municipal population registries was obtained during follow-up, until 2004. The coverage of these municipal registries is virtually complete.
28 Within 13 years of follow-up a total of 1594 (12.1%) of the 13 219 subjects had died. No information on specific cause of death was available through these registries.
Measures
At baseline, people were asked to rate their health with the following non-comparative question: 'How is your health in general?', with answering categories: 'very good', 'good', 'fair', 'sometimes good and sometimes poor', 'poor'. This question was the first to be asked in the postal survey, and was thus not preceded by other questions about more specific and objective health issues. Furthermore, people were asked to indicate whether they suffered from a range of chronic physical and mental conditions during the past 5 years, and from somatic complaints. Life threatening chronic conditions and somatic complaints signalling life threatening underlying conditions were grouped together. These included the following: chronic bronchitis/asthma/emphysema/CARA, serious heart condition or myocardial infarction, hypertension, stroke, serious kidney disease (not kidney stones), diabetes, disease of the nervous system (like Parkinson, multiple sclerosis or epilepsy), malignancy or cancer, using medication for high blood pressure, experiencing pain in chest or heart area, experiencing shortness of breath.
Chronic conditions that are usually not life threatening, and somatic complaints that do not necessarily indicate any underlying life threatening conditions were also grouped together: gastric or duodenal ulcer, chronic illness of intestine, kidney stones, prostate problems, chronic back complaints/ hernia/sciatica, arthrosis of knee or hip or hand, arthritis, other form of rheumatism, migraine, burn-out or depression or severe nervousness, chronic skin disease or eczema, varicose veins, injury because of an accident, experiencing pain in bones and muscle, having an upset stomach, having an aching back, often feeling tired, often having headaches, sometimes having a numb feeling in limbs, sometimes feeling faint, sometimes feeling listless, feeling tired sooner than normal, experiencing a puffy feeling in the stomach, usually not feeling rested in the morning, using sleeping medication or sedatives, usually not feeling fit and energetic.
People were also asked whether they experienced one or more of a small range of life events or stressors during the last 12 months preceding filling in the questionnaire: moving house, significant drop in financial situation, being a victim of theft/robbery/abuse/rape, becoming unemployed, partner or family member becoming unemployed, a serious illness of partner or close family member, death of partner, death of close family member or friend, divorce/separation.
Two measures of health behaviour were included: smoking and alcohol consumption. The smoking variable was based on the smoking status of subjects (whether or not they currently smoked or had ever smoked) and the amount smoked. The following values were assigned: 0 'never smoked', 1 'smoked in the past', 2 'only smokes pipe or cigars', 3 'smokes between 0 and 20 cigarettes a day' and 4 'smokes more than 20 cigarettes a day. Based on information on the frequency and the amounts that people indicated to drink alcohol, subjects were divided into three groups: abstainers, light to moderate drinkers and excessive drinkers.
We included information on education as an indicator of subjects' socioeconomic position. Level of education was defined as follows: (i) finished primary education or less, (ii) finished lower secondary education, (iii) finished higher secondary education, (iv) finished tertiary education (i.e. higher vocational education or university degree). Education was chosen because it consistently shows important inequalities in health across all countries, age groups and sexes. As such, it is a relevant indicator of a broad segment of the population, including those who are outside of the workforce.
Subjects were asked about their marital status. The following categories of marital status were distinguished: (a) married, (b) unmarried, (c) divorced/separated, (d) widowed.
Data analyses
We assessed the association of self-assessed health with mortality using Cox proportional hazards method of regression. These associations (Hazard Ratios) were used as indicators of the capacity of self-assessed health to predict mortality. This means that higher hazard ratios indicate stronger predictive capacity of self-assessed health for subsequent mortality. The age-adjusted association of self-assessed health with mortality was determined firstly for men and women separately, stratified by four educational groups. The presence of trends of mortality across self-assessed health in our data was assessed by entering self-assessed health as a continuous variable in the regression model, separately for each educational group.
Secondly, in a subsequent regression analysis, we included an interaction term of education with self-assessed health in the model instead of stratifying by educational group to assess differences in the association of self-assessed health and mortality between educational levels. For the purposes of testing interaction, the self-assessed health variable was included in the regression model as a continuous variable. The contribution of specific dimensions of health to any educational differences in the predictive capacity of selfassessed health was estimated with regression analyses adjusting for (i) life threatening conditions, (ii) non-life threatening conditions, (iii) life events and (iv) health behaviours, respectively. After adjusting for these factors we examined the adjustment in the interaction term of education and selfassessed health as compared with the unadjusted interaction estimate. In these analyses, we included the variable for marital status, which was considered to be a confounder.
Subjects whose smoking status, or whose drinking status was missing were left out of the analyses that included health behaviour variables in the regression model (i.e. when the contribution of health behaviour to educational differences in the predictive ability of self-assessed health was assessed). There was an educational gradient in the percentage of subjects with missing information on these variables. In those with primary education, 6.6% (n ¼ 181) had missing values for alcohol use, and 1.3% (n ¼ 35) for smoking. In those with tertiary education these percentages were 1.5% (n ¼ 38) and 0.2% (n ¼ 6), respectively.
Results
The number of subjects indicating that their health was bad was clearly greater in the lower educational groups, as was mortality (Table 1) . Subjects with primary education had a higher crude risk of dying if they indicated that their health was 'Very good' (12.3% in primary educated, 3.8% in tertiary educated), but they had a lower crude risk of dying if they had indicated that their health was 'bad' (33.8% in primary educated, 35.3% in tertiary educated). These descriptive results already point toward a differing relation of self-assessed health with mortality between educational groups.
In all educational groups self-assessed health was a significant predictor of mortality (Table 2) , with the exception of women with a higher secondary education. In that group, only women indicating that their health was 'bad' had a significantly higher level of mortality during follow-up as compared PREDICTIVE ABILITY OF SELF-ASSESSED HEALTH FOR MORTALITY BY EDUCATION with those who indicated that their health was 'very good'. Nonetheless, tests for trend in mortality across self-assessed health pointed out that a trend was present in all educational groups, in both men and women.
The interaction of education with self-assessed health was significant only in tertiary educated men ( Table 3 ), meaning that the increase in mortality risk with a decrease in selfassessed health is somewhat larger in this education group as compared with the lowest education group. The hazard ratio of the interaction term amounted to about 1.3, indicating that the predictive ability of self-assessed health for mortality is some 30% stronger in the tertiary educated [See also Theoretically it could still be the case that despite little differences in the strength of the association of self-assessed health with mortality between educational groups, we would find different mediators of this association across educational groups. This would mean that people from different educational backgrounds emphasize different aspects of health when they are evaluating their health and provide an answer to the self-assessed health question. For instance, lower educated have higher chances of dying from certain specific causes of death than higher educated, 29 which will reflect differences in their (ill-) health experience during their lives. However, none of the four types of health correlates (life-threatening, non-life threatening conditions, stressors and health behaviour) showed any remarkable effect on the interaction term of education with self-assessed health (Table 3 ). This does not mean that they are not mediators of the association of self-assessed health with mortality, because they are (adjusting for these factors attenuates the association of self-assessed health with mortality; data not shown)-it means just that they do not mediate the association differentially by education. Thus, we observed that the self-assessed health of the highest educated men showed somewhat greater predictive ability for mortality during follow-up as compared with that of the lowest educated. However, none of the health aspects that were included in this study could account for this greater predictive ability. Otherwise, no differences were observed between educational groups.
Discussion
This study set out to investigate differences in the predictive ability of self-assessed health between educational groups, and to study the effect on this association of adjusting for respectively: (i) life threatening conditions, (ii) non-life threatening conditions, (iii) life events/stressors and (iv) health a P-value linear trend test men of all educational groups 0.000; P-value linear trend test women of primary, lower secondary and higher secondary educational groups 0.000; P-value women of tertiary education 0.045. behaviour. Only in men did we observe a difference in the predictive ability of self-assessed health between those with a tertiary level education and primary education. The predictive ability of self-assessed health was slightly larger in tertiary educated men as compared with men with primary education only. However, none of the four aspects of health that were included in the study could account for this difference. Our study had several strengths and limitations. A strong point of our study was the sample size, which was large, in combination with the length of follow-up, which allowed us to investigate the association of self-assessed health with mortality in a population that was stratified by a fairly detailed educational variable. As our results indicate it is important to study differences between educational groups using a measure that is sensitive to the many gradations of the educational system, as an increased association of self-assessed health with mortality was observed in tertiary educated men, but not in higher secondary educated men, who often are also considered as being 'higher educated'. Yet, even in a study of this magnitude there are only limited numbers of deaths related to the extremes of 'very good' and 'bad' health in each education group. Preferably, the results of this study should be confirmed by other studies with even bigger numbers.
Another strong point of our study was that it included a broad range of both life threatening and non-life threatening chronic conditions, and we are confident that all relevant physical chronic conditions that may mediate the association of self-assessed health and mortality are represented in our data.
A limitation of the study was the lack of information on mental conditions and (negative) affect measures. Those measures are important correlates of self-assessed health, and they may 'obscure' the association of self-assessed health with mortality (in cases where they are not strongly related to mortality). The point of interest here would be whether such measures could account for the difference between tertiary educated men and lower educated men. In our study, people were asked whether or not they had suffered from 'burn-out, depression or nervousness'. Adjusting the analyses separately for this measure did not result in any attenuation of the interaction term of self-assessed health with education (data not shown), and thus did not account for the educational difference in men. However, this measure admittedly is a very broad and imprecise measure for our purposes in this regard, and future studies should assess the relative contribution of mental health to the association of self-assessed health and mortality in different educational groups.
Another limitation of our study was that we could not include detailed measures of social support, which is a factor that is important for health. 30, 31 The analyses were adjusted for marital status, which is a partial proxy for social support, but leaves aside the quality of the relationship with the spouse, and possible other sources of social support inside and outside the family. Finally, the non-response in our study should be considered. For some types of information used in the study, non-response was higher in the lower educated, such as for health-related behaviour. In general, the higher non-response in the lower educated probably means that the amount of health-problems and ill-health related behaviours has been slightly underestimated. Assuming that we would miss the lower educated with worst health disproportionately, i.e. those who would have indicated 'bad' self-assessed health and had higher risks of dying during follow-up, we consequently may have somewhat underestimated the association between the two in the lower educated. This is likely to be the case, for of n ¼ 558 we missed information on self-assessed health (of which n ¼ 200 primary educated, n ¼ 49 tertiary educated and n ¼ 39 with missing information on education). Of these, 25.5% of the primary educated had died, compared with 14.3% of the tertiary educated. Prevalence of pain in chest and heart area, shortness of breath, medication use for high blood pressure, serious kidney disease, chronic lung disease, heart disease, hypertension, stroke, diabetes, disease of the nervous system (Parkinson, multiple sclerosis), malignancy/cancer. Our findings slightly depart from those of previous quantitative studies assessing the predictive ability of self-assessed health for mortality in different socioeconomic groups. Differences between socioeconomic groups were not observed in the study of Van Doorslaer et al., 23 and it was concluded that self-assessed health was a valid health outcome measure for research on social comparisons of health. The study of Burstrom and Fredlund did show differences between socioeconomic groups in the relative association of self-assessed health with mortality, but because rate differences were not much different between these groups they concluded that the relative difference was due to the higher base rate of mortality in the lower groups. 22 The results of our study also demonstrate that there is a difference in the predictive ability of self-assessed health for mortality between the highest and the lowest educated men. However, when we checked the absolute differences in mortality rates between those with less than good self-assessed health and those with good or very good self-assessed health across educational groups we found larger absolute differences in the higher educated (even though mortality was lower). Thus, the educational difference in the relative association of self-assessed health with mortality in our data did not seem to be explained by the higher base rate in the lower educated. Thus, in the event that our findings are replicated by future research, we should ask what the reasons could be for the observed difference. Firstly, as Sen 32 wrote when discussing 'problems' with self reports of health: 'One problem with relying on the patient's own view of matters that are not entirely sensory lies in the fact that the patient's internal assessment may be seriously limited by his or her social experience'. 32 Of course, this is an especially salient point for social comparisons of health as the experience of health greatly differs between social groups, as many studies have indicated. Studies using data from the longitudinal GLOBE study, the same data as we have used for our analyses, have been among this research. 33 It could be that there are no important differences in the aspects that mediate the association of self-assessed health with mortality, but that the lower educated adjust the threshold for incorporating information on health problems in their assessment of health, because they experience on average more health problems in their surroundings. Thereby, lower educated would incorporate the same information in their perception of health overall, only less accurately than the higher educated. On the other hand, it is not immediately clear why this would be the case in men, but not in women.
Our interest in educational differences in the self-assessed health-mortality association coincides with a recent trend in research on socioeconomic inequalities in health; i.e. incorporating concepts from the field of differential psychology in that research, such as the concept of intelligence. [34] [35] [36] For instance, Gottfredson 37 described how important aspects of life can be understood as complex tasks, of which the outcomes heavily rely on cognitive ability, and how this is relevant to the study of socioeconomic inequalities in health. Perhaps we should expect the same about forming a perception of such a broad and elusive concept as overall health. When forming a perception of health a number of cognitive processes may be involved, such as recall of relevant experience, evaluation of relevant information, 38 and employing judgmental heuristics which may be dependent on cognitive ability. Sadly, we did not have measures of cognitive ability to adjust for in our analyses, and can only speculate about its role in educational differences in assessing health. At this point, it seems hard to reason out why-if there was an important role for cognitive ability-the impact would remain limited to tertiary educated men (as we only found a difference in the predictive ability of self-assessed health for mortality between the highest and the lowest educated men). At this stage, we can do no more than speculating. Assessing the relative importance of cognitive ability and cultural factors (and other possible explanatory factors) in perceptions of health in relation to socioeconomic position is left to future studies. However, we should await whether future research will replicate our findings. Future studies should investigate the effect of education on the predictive ability of self-assessed health for mortality in other cultural settings as well, and with other indicators of socioeconomic position, before taking effort in finding explanations.
In conclusion, this study found that the assessment of health of tertiary educated men carried a higher predictive value for mortality during follow-up. But because differences in the predictive ability for mortality were limited to the extreme educational groups in men, educational differences in selfassessed health that are reported in numerous studies should not be expected to seriously overestimate educational differences in 'objective' physical health problems.
